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A series of the new ruthenium(II) complexes with different number of aldehyde groups have been synthesized and
characterized for the simple and selective sensing of homocysteine (Hcy) and cysteine (Cys). The reaction of these
ruthenium(Il) complexes with Hcy and Cys afforded thiazinane or thiazolidine derivatives which resulted in the
obvious changes in the UV-visible spectra and strong enhancement of the luminescence intensity of the system. The
luminescence enhancement of [Ru(dmb),(L2)[** (dmb: 4,4'-dimethyl-2,2’-bipyridine) showed a good linearity in
the concentration of 4.2-350 uM and 6-385 UM with the detection limits of 0.3 pM and 1 pM for Hcy and Cys,
respectively. The absorption and emission bands from metal-to-ligand charge transfer transition in the visible region
and the large Stokes shift of the ruthenium(Il) complex chromophore made it suitable for biological applications.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Homocysteine (Hcy) and cysteine (Cys) are important amino acids
containing a free thiol moiety in living systems, and they plays a critical
role in a variety of cellular functions, such as detoxification and
metabolism [1,2]. It was discovered that there is a link between the levels
of Hey or Cys and various types of vascular and renal diseases [3-5]. Hcy is
arisk factor for Alzheimer's [6] and cardiovascular diseases [7] at elevated
levels in plasma while the deficiency of Cys is associated with slowed
growth, hair depigmentation, edema, lethargy, liver damage, muscle and
fat loss, skin lesions, and weakness [8]. The determination of specific thiols
is often based on redox chemistry or derivatization with chromophores or
fluorophores in conjunction with HPLC or capillary electrophoresis
separations or via immunoassays [9].

Recently, some organic chromophores were developed as chemo-
dosimeters for Hcy and Cys [10,11]. These chromophores by reaction of
aldehyde groups with Hcy and Cys had been designed and applied in
many fields [12,13]. However, these chromophores are mainly limited to
organic fluorophores suffering from undesirability such as low photo-
stability, high background fluorescence, the UV excitation and emission
wavelengths and the small Stokes shift. In recent years, increasing
attention has been paid to design the phosphorescent metal complexes
as chemosensors for Hcy and Cys [14-19] because of advantageous
photophysical properties of transition metal complexes such as high
stabilities and relatively long lifetimes compared with those of organic
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fluorophores. Besides, metal complexes can easily be modified with
different functional groups to tune the energy band. Of all d® transition
metal complexes, ruthenium(Il) polypyridine complexes are amongst
the earliest and most widely studied systems due to their stabilities and
rich photochemical and photophysical properties associated with metal-
to-ligand charge-transfer (MLCT) transition [20-24]. Although there
were a number of reports on the luminescent sensing of anions [25-28],
metal cations [29-33] and molecular oxygen [34] based on the
ruthenium(Il) polypyridine probes, the ruthenium(Il)-bipyridine com-
plexes that can be directly applied to probe the biomolecules have rarely
been reported [35-40]. In our paper, a series of new ruthenium(lIl)
complexes containing aldehyde groups (Scheme 1) were synthesized
and characterized to recognize Hcy and Cys by the formation of
thiazinane or thiazolidine (Scheme 2). A strong luminescence response
was found upon reaction of the ruthenium(Il) chromophore with Hcy or
Cys only, but not with other amino acids, indicating a high specificity for
recognition of Hcy and Cys. Some electron-donating groups (CHs) were
also modified in chromophore which was expected to improve the
recognition of Hcy and Cys.

2. Experimental
2.1. Reagents and instrumentation

RuCls, NH4PFs, 2,2’-bipyridine (bpy), 4,4’-dimethyl-2,2’-bipyridine
(dmb), cysteine, homocysteine and other amino acids were purchased
from Sigma-Aldrich. Other chemicals were analytical reagent graded and
used as received. cis-Ru(bpy),Cl, - xH,0 [41], cis-Ru(dmb),Cl,-xH,0 [41],
4-methyl-2,2'-bipyridine-4’-carboxaldehyde (L1) [42] and 4,4’-diformyl-
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[Ru(dmb),(L2)**

[Ru(bpy)(L2)F**

Scheme 1. Structures of the synthesized ruthenium(Il) complexes.

2,2'-bipyridine (L2) [43] were prepared according to the literature
method. All solutions were prepared with deionized water (Milli-Q,
Millipore). The pH of the Tris-HCl buffer solution was adjusted with HCL
Emission spectra were recorded on a HITACHI F-4600 fluorescence
spectrophotometer. A 1.00 cm path length rectangular quartz cell was
used for all emission measurements. 'H NMR spectra were recorded on a
Bruker DPX-300 Fourier Transform NMR spectrometer with chemical
shifts reported relative to tetramethylsilane. Positive-ion fast atom
bombardment (FAB) and electron impact (EI) mass spectra (MS) were
recorded on a Finnigan MAT95 mass spectrometer. Positive ion electro-
spray ionization (ESI) mass spectra were recorded on a Finnigan LCQ
spectrometer. Elemental analysis of the complexes was performed on a
Carlo Erba 1106 elemental analyzer.

2.2. Synthesis of complexes

[Ru(bpy)2(L1)](PFs)2-H,0 was prepared by modification of a litera-
ture method for [Ru(bpy),(phen)]>* (phen: 1,10-phenanthroline) [44].
To a solution of cis-Ru(bpy),Cl,-xH,0 (50 mg, 0.10 mmol) in absolute
ethanol (50 mL) was added L1 (24 mg, 0.12 mmol), and the mixture was
heated to reflux under N, for 6 h, during which the purple black solution
turned red brown. After removal of the solvent under reduced pressure,
the residue in the form of chloride salt was dissolved in a minimum
amount of water, and metathesis reaction upon the addition of a saturated

methanolic solution of NH4PFs afforded the desired complex as a red-
orange solid, which was then obtained by filtration, and subsequent
recrystallization by vapor diffusion of diethyl ether into acetonitrile
solutions of the complexes gave [Ru(bpy)(L1)](PFs),-H,0 as red crystals.
Yield: 47 mg, 50%. Positive FAB-MS: m/z 611, calc. for C3;H,5sNgORu 611.12
([M—HPFG—PF6]+ ) Anal. Calc. for C35H56Ng F12P>,ORuU-H,0 (%): C 41.78; H,
3.05; N, 9.14. Found (%): C, 41.52; H, 3.21; N, 9.37. 'TH NMR (300 MHz;
CDCls; Me,Si): 10.18 (s (singlet), 1H, bpy-CHO), 8.85 (s, 1H, bpy), 8.54 (t
(triplet), J=8.1 Hz, 5H, bpy), 8.10 (m (multiplet), 4H, bpy), 8.03(d
(doublet), J=5.7 Hz, 1H, bpy), 7.73 (m, 5H, bpy), 7.59 (d, J=5.7 Hz,1H,
bpy), 7.42 (m, 4H, bpy), 7.32 (d, J=4.9 Hz,1H, bpy), 2.59 (s, 3H, CH3).

[Ru(bpy)2(L2)](PFs)2-H,0 was prepared using a procedure similar to
that for [Ru(bpy),(L1)](PFs), except L2 was used instead of LI.
Recrystallization by vapor diffusion of diethyl ether into acetonitrile
solutions of the complexes gave [Ru(bpy),(L2)](PFs), as black crystals.
Yield: 44 mg, 45%. Positive FAB-MS: m/z 626, calc. for C3;H3NgO-Ru
625.12 ([M—HPFG—PF6]+) Anal. Calc. for C3oHo4Ng F1oP20,Ru-H,0 (%):
C, 41.16; H, 2.79; N, 9.00. Found (%): C, 41.37; H, 2.65; N, 9.37. 'TH NMR
(300 MHz; CDCl3; Me,Si): 10.21 (s, 2H, bpy-CHO), 9.04 (s, 2H, bpy), 8.54
(m, 4H, bpy), 810 (m, 6H, bpy), 7.82(d/=1.8Hz, 1H, bpy), 7.80
(d,J=1.8 Hz, 1H, bpy), 7.73 (d, J=5.1 Hz, 2H, bpy), 7.68 (d, J=5.6 Hz,
2H, bpy), 7.44 (m, 4H, bpy).

[Ru(dmb),(L1)](PFg),-H,0 was prepared using a procedure similar to
that for [Ru(bpy)2(L1)](PFgs), except cis-Ru(dmb),Cl,-xH,0 was used
instead of cis-Ru(bpy),Cl,-xH,0. Recrystallization by vapor diffusion of
diethyl ether into acetonitrile solutions of the complexes gave [Ru(dmb),
(L1)](PFs) as black crystals. Yield: 46 mg, 42%. Positive FAB-MS: m/z 812,
667, calc. for C36H34NgFsPORu 812.73 ([M-PF6]+) and (C36H33NgORu
667.18 ([M—HPFG—PFG]+) Anal. Calc. for C36H34Ng F12P,0Ru- H,O (%): G
4431; H, 3.69; N, 8.62. Found (%): C, 44.27; H, 3.31; N, 8.60. 'H NMR
(300 MHz; CDCl5; Me,Si): 10.18 (s, 1H, bpy-CHO), 8.83 (s, 1H, bpy), 8.54
(s, 1H, bpy), 8.37 (s, 4H, bpy), 8.03 (d, J=5.6 Hz, 1.5, 1H, bpy), 7.72
(d, J=4.7 Hz, 1H, bpy), 7.58 (d, J=5.8 Hz, 1H, bpy), 7.52 (m, 4H, bpy),
7.31 (d,J=4.8 Hz, 1H, bpy), 7.23 (m, 4H, bpy), 2.56 (m, 15H, bpy).

[Ru(dmb),(L2)](PFs), was prepared using a procedure similar to that
for [Ru(dmb),(L1)](PFs), except L2 was used instead of L1. Recrystal-
lization by vapor diffusion of diethyl ether into acetonitrile solutions of
the complexes gave [Ru(dmb),(L2)](PFs), as black crystals. Yield: 45 mg,
40%. Positive FAB-MS: m/z 681, calc. for C3gH3;NgO,Ru 681.16 ([M-HPFg—
PF6]+). Anal. Calc. for C36H32Ng F12P20,RU-H,0 (%): C,43.68; H,343; N,
8.49. Found (%): C, 43.57; H, 3.56; N, 8.09. 'TH NMR (300 MHz; CDCl;
Me,Si): 10.12 (s, 2H, bpy-CHO), 8.92 (s, 2H, bpy), 8.28 (d,]=6.6 Hz, 4H,
bpy), 7.96 (d, J=5.7 Hz, 2H, bpy),7.69(d, J]=4.8 Hz, 2H, bpy), 7.42 (d,
J=5.7 Hz, 2H, bpy), 7.36 (d, J=5.6 Hz, 2H, bpy), 7.20 (d, ] =5.9 Hz, 2H,
bpy), 7.12 (d, ] =4.9 Hz, 2H, bpy), 2.45(d, J=11.3 Hz, 12H, bpy).

3. Methods

Amino acid titration of the complexes was performed in
acetonitrile-Tris buffer (50 mM, pH=7.2, 10:1 v/v) solution. The
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Scheme 2. The recognition mechanism of [Ru(dmb),(L2)](PFg).for Hcy and Cys.
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samples containing different concentration of Hcy or Cys were mixed
for 10 min before the UV-visible (UV-vis) absorption and photo-
luminescence spectra were recorded.

4. Results and discussion
4.1. Absorption and photoluminescence properties

The electronic absorption spectra of complexes in acetonitrile were
mainly dominated by intense high-energy absorption bands at ca. 276-
308 nm, and weak low-energy bands at ca. 416-492 nm, typical of
ruthenium(II) tris(bipyridine) derivatives [45]. With reference to previous
studies on the related ruthenium(II) polypyridine systems [24], the higher
energy absorption bands were assigned as intraligand (IL) transition,
while the low-energy bands were assigned to the metal-to-ligand charge
transfer (MLCT, dr(Ru) — m*(ligand)) transitions, which were absent in
the electronic absorption spectra of the free ligands. The ruthenium(II)
complexes were found to emit weakly with emission maxima at ca. 605-
617 nm at room temperature in acetonitrile solution, assigned as derived
from a triplet MLCT state, similar to that observed in other related
ruthenium(Il) diimine systems. The luminescence quantum yield of the
complexes with two aldehyde groups in air-equilibrated acetonitrile
solution was a little lower than that of the complexes with one aldehyde
group. The weak emission of the new ruthenium(Il) complexes could be
explained by the strong electron-withdrawing property of aldehyde
group in the ligand that quenches the MLCT luminescence of the
complexes. The photophysical data of the new ruthenium(Il) complexes
were listed in Table 1. As shown in Table 1, substitution of bpy with
electron-donating group (CHs) would result in the slight red shift of the
emission maxima. This phenomena could be explained that the electron-
donating group would destabilize the HOMO (dm(Ru)) and result in the
smaller energy gap between HOMO (drt(Ru)) and the LUMO (mr™(L-CHO))
and hence decrease the emission energy.

Upon addition of Hcy to the acetonitrile-Tris buffer solution of [Ru
(dmb),(L2)](PFs),, obvious changes were observed in the absorption
spectra, especially in the MLCT absorption band as shown in Fig. 1. With
the interaction between Hcy and [Ru(dmb),(L2)](PFs),, the MLCT
absorption band at 491 nm was found to show a blue shift to 460 nm
and its absorption intensity increased to some degree. These phenomena
indicated that a new product was formed in the presence of Hcy. Addition
of Cys to the acetonitrile-Tris buffer solution of ruthenium(Il) complexes
also resulted in large changes in the absorption spectra. According to the
reported literature [10], upon interaction of Hcy or Cys, [Ru(dmb),(L2)]
(PFg)2 with electron-withdrawing groups (aldehyde) would form
thiazinane or thiazolidine to destroy the electron-withdrawing ability of
aldehydes, which destabilized the m* orbital of ligand((L2)) and then
resulted in the larger energy gap between dm(Ru) and (L2) and the blue
shift of the MLCT absorption band. The formation of thiazinane or
thiazolidine also led to some changes in LC (ligand-centered) absorption
bands. After the addition of 100 equivalent Hcy to the acetonitrile-Tris
buffer solution of [Ru(dmb),(L2)](PFs),, the emission intensity was
enhanced by about 10 fold in the luminescence spectra (Fig. 1c). While the

Table 1
Photophysical data of the new ruthenium(Il) complexes.
Complex Absorption D (Prer=1) Emission
Nabss NM (g, M~ Tcm™ 1) Nem, NM
[Ru(bpy),(L1)]** 280 (94460), 420 (17330), 0.26 605
452 (20435)
[Ru(bpy),(L2)]>* 280 (13310), 304 (62445), 0.15 607
418 (27180), 481 (24680)
[Ru(dmb),(L1)]*" 276 (45020), 428 (8825), 0.18 612
472(9665)
[Ru(dmb),(L2)]?* 276 (52095), 308(23460), 0.14 617

416(13475), 492(11150)

Ru(bpy)sCl, in air-equilibrated acetonitrile solution was used as reference (®=1.0, ex:

450 nm).
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Fig. 1. Electronic absorption and luminescence spectra of [Ru(dmb),(L2)](PFs),
(7.0x107%M) in the absence and presence of Hcy or Cys (100 equiv) in
acetonitrile-Tris buffer solution (pH=7.2, 50 mM, 10:1, v/v).

same amount of Cys resulted in a weaker enhancement of emission
intensity (Fig. 1b). These spectral changes were mainly ascribed to the
formation of thiazinane or thiazolidine which improved the electron-
donating ability of the ligand and resulted in the enhancement of the
luminescence of the probes.

4.2. UV-vis absorption titration of the ruthenium(II) complexes with Hcy
and Cys

Upon addition of Hcy or Cys to the acetonitrile-Tris buffer solution of
the new ruthenium(Il) complexes, spectral changes in the both IL
transition bands and MLCT bands were observed. Upon addition of Hcy or
Cys to [Ru(bpy),(L1)](PFs), and [Ru(dmb),(L1)](PFs), with one aldehyde
group in acetonitrile-Tris buffer solution, the slight decrease of the MLCT
band at about 490 nm and the increase of the band at 455 nm produced a
perfectly clean isosbestic point at ca. 465 nm. While addition of Hcy or Cys
to [Ru(bpy)2(L2)](PFs), and [Ru(dmb),(L2)](PFs), with two aldehyde
groups, there were significant changes in the UV-vis spectra, especially in
the MLCT bands. The UV-vis spectral traces of [Ru(dmb),(L2)](PFs), upon
addition of Hcy is shown in Fig. 2, in which well-defined isosbestic points
were observed. As shown in Fig. 2, the MLCT absorption band at 492 nm
decreased in intensity and a new absorption band at 461 nm was formed
with a blue-shift of 31 nm and two clear isosbestic points at 431 and

Absorbance

0.0+

T T T T T T T
300 400 500 600
Wavelength (nm)

Fig. 2. UV-vis absorption spectra of [Ru(dmb),(L2)](PFs); (7.0x 10~ ¢ M) in acetoni-
trile-Tris buffer solution (pH=7.2, 50 mM, 10:1, v/v) upon treatment with various
amounts of Hey.
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482 nm. The absorption bands at 287, 318, 344 and 400 nm also showed
some changes with isosbestic points at 304, 328 and 366 nm. All the
results suggested the formation of thiazinane in the aldehyde groups of
ruthenium(Il) complex would reduce the electron-withdrawing effect of
the ligand and result in the large changes in the UV-vis absorption spectra
with a blue-shift of MLCT band. The studies also showed that more
aldehyde groups in the ruthenium(Il) complexes would cause larger
spectral changes in the UV-vis spectra upon addition of Hcy, indicating
that aldehyde groups definitely play a key role in the recognition of Hcy
and Cys. The spectral changes of other ruthenium(Il) complexes upon
addition of Hcy or Cys were listed in the supporting information.

4.3. Luminescence titration of the ruthenium(1I) complexes with Hcy and Cys

The recognition ability of the new ruthenium(Il) complexes for Hcy
and Cys was also investigated by emission spectrophotometric studies.
The emission intensity of complexes was strongly enhanced upon the
addition of Hcy or Cys with a small red shift of emission maxima. Upon
addition of Hcy to the [Ru(bpy),(L1)](PFs); and [Ru(dmb),(L1)](PFe)2
acetonitrile-Tris buffer solution, the emission intensity was only
enhanced by about 1.6 and 1.9 fold, respectively. While the emission
intensity of [Ru(bpy),(L2)](PFs), was enhanced by about 8.5 fold after
addition of Hcy and the emission intensity of [Ru(dmb),(L2)](PFs), was
enhanced most strongly by about 10.1-fold upon addition of Hcy (Fig. 3).
Such strong enhancement of the emission intensity for [Ru(bpy).(L2)]
(PFg), and [Ru(dmb),(L2)](PFs), could be explained by the high
sensitivity of two aldehyde groups in the complexes. All results
demonstrated that substitution with electron-donating group (CHs) on
the bpy and more aldehyde groups in the complexes would cause larger
spectral changes in the emission spectra. In the case of Cys, the emission
intensity of complexes [Ru(bpy).(L1)](PFs),, [Ru(bpy)-(L2)](PFe),, [Ru
(dmb),(L1)](PFs), and [Ru(dmb),(L2)](PFs), was enhanced by about
1.3-fold, 3.5-fold, 1.6-fold and 4.5-fold, respectively. All the complexes
were more sensitive toward Hcy than Cys, probably due to the easier
formation of thiazinane. These results were in agreement with the
observed trends in the studies using the UV-vis spectrophotometric
method, in which complex [Ru(dmb),(L2)](PFs), and [Ru(bpy),(L2]
(PFg), with two aldehyde groups gave stronger affinity toward Hcy and
Cys.

The emission spectral changes of [Ru(dmb),(L2)](PFg), upon addition
of Hcy and the changes of the emission intensity as a function of the added
Hcy concentration are shown in Fig. 3. With the increase of the Hcy
concentration, the luminescence intensity of the solution was gradually

200 400 600 800
[Heyl (uM)

Emission Intensity

550 600 650 700 750 800
Wavelength (nm)

Fig. 3. Emission spectral traces of [Ru(dmb),(L2)](PFs) (7.0 10~® M) in acetonitrileTris
buffer solution (pH=7.2, 50 mM, 10:1, v/v) upon addition of Hcy. Excitation at isosbestic
point: 482 nm. Inset shows the emission intensity at 622 nm as a function of the added Hcy
concentration.

increased. The luminescence enhancement of [Ru(dmb),(L2)]>* showed
a good linearity in the concentration of 4.2-350 pM with a detection limit
of 0.3 uM for Hey. Similarly, the luminescence enhancement of [Ru(dmb),
(L2)1** showed a good linearity in the concentration and 6.0-385 uM
with a detection limit of 1.0 uM for Cys. The detection limits of other
ruthenium(Il) complexes for Hcy and Cys were listed in Table 2. The
results further confirmed that the more aldehyde groups in the complex
would make it better sensitive toward Hcy and Cys, especially for Hcy.
Substitution with electron-donating group (CHs) on the bpy would also
improve the recognition ability of complexes for Hcy and Cys. Based on
these results, our effort was made to design new probes for discriminating
Hcy and Cys, and this is still in progress.

4.4. Reaction of the ruthenium(Il) complexes with Hcy or Cys

The reaction of the ruthenium(Il) complexes with Hcy and Cys was
also confirmed by positive-ion ESI-MS experiments. The 1:1 adduct, [Ru
(dmb),(L1-Hey)**, [Ru(dmb),(L1-Cys)]*", and the 1:2 adduct, [Ru
(dmb),(L2-2Hcy) P+, [Ru(dmb),(L2-2Cys)]*™ were observed as ion
clusters at m/z 392.8, 386.3, 458.2 and 444.8, respectively, in the
positive-ion ESI-mass spectrum of an acetonitrile-H,O solution (7:3, v/
v) of [Ru(dmb),(L1)](PFs), or [Ru(dmb),(L2)](PFs), and Hcy or Cys. The
ESI-mass spectra are listed in the supporting information. Attempts have
been made to further establish the importance of the aldehyde moiety in
the recognition studies by the Job's plotting analysis. Job's plot for the
complexation of [Ru(dmb),(L1)](PFs), and [Ru(dmb),(L2)](PFs) for Hcy
also showed 1:1 and 1:2 reaction stoichiometry as shown in Fig. 4. The
results demonstrated that all aldehyde groups in the complexes would
react with Hey or Cys. "H NMR spectroscopy of [Ru(dmb),(L1)](PFs), and
Hcy in CD3CN:D,0 (10:1) was also carried out to confirm the reaction of
the ruthenium(II) complexes with Hcy. Upon addition of Hcy, the signal at
10.14 ppm corresponding to CHO was weakened, and the new signal
corresponding to NCHS appeared at 5.44 ppm as shown in Fig. S8
(Supporting Information). The results further demonstrated that Hcy
could conjugate with the aldehyde group of the ruthenium(Il) complexes.

4.5. Reaction of the ruthenium(Il) complexes with other amino acids

The selectivity of new probes for Hcy and Cys was also studied.
Photoluminescence properties of ruthenium(Il) complexes in acetoni-
trile-Tris buffer (10:1, v/v) were also investigated upon addition of other
amino acids (alanine, aminobutyric acid, arginine, asparagine, glutamine,
glycine, histdine, hydroxy-proline, leucine, lysine, methionine, ornithine,
phenylalanine, sarcosine, serine, threonine, tryptophane, tyrosine, valine,
and glutathione). No obvious or very small luminescence increase was
observed upon addition of other amino acids compared with Hcy and Cys,
indicating that the formation of thiazinane and thiazolidine was a key role
for the selective recognition of Hcy and Cys. The changes of luminescence
upon addition of various amino acids at the same concentration to [Ru
(dmb)(L2)](PFs), are presented in Fig. 5. The selectivity of other
complexes toward Hcy and Cys was shown in the supporting information.

5. Conclusion
A series of ruthenium(Il) complexes with different number of

aldehyde groups had been synthesized for the simple and selective
determination of Hcy and Cys. The reaction of these ruthenium(II)

zﬁle)l;eztection limits of the ruthenium(Il) complexes (7.0 x 10~ 6 M) for Hcy or Cys.
Complex [Ru(bpy), [Ru(bpy), [Ru(dmb), [Ru(dmb),
prsmmwerER (B)) o (P LDP* WP
Hey (M) 4x10~© 5%x10~7 2x1076 3x1077
Cys (M) 5x1076 2x107© 4x10© 1x1076
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Fig. 4. Job's plots for the reactions of [Ru(dmb),(L1)](PFs), (A) and [Ru(dmb),(L2)]
(PFs)2 (B) with Hcy in the acetonitrile-Tris buffer solution.
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Fig. 5. Luminescence intensity increase (I-I,)/I, of [Ru(dmb),(L2)](PFs), (7.0x 10~ ¢ M)
in acetonitrile-Tris buffer solution (pH=7.2, 50 mM, 10:1, v/v) upon the addition of
the 100 equivalent Hcy, Cys and other amino acids.

complex with Hcy and Cys afforded stable derivatives thiazinanes or
thiazolidines to enhance the luminescence intensity of system. The
method for the recognition of Hcy and Cys is selective and sensitive
without the interference of other amino acids. Additionally, the
ruthenium(Il) complex chromophore with more aldehyde groups and
electron-donating groups (CHs) could improve the sensitivity of the
complexes toward Hcy and Cys. Compared to the reported probes for
the detection of Hcy and Cys, there are several advantageous
properties for this kind of ruthenium(Il) complex probe such as
visible-light excitation and emission wavelengths with a larger Stokes
shift, a remarkable change of the emission, and high selectivity and
sensitivity. This work provided a new strategy for the design of other
transition metal complex-based luminescence probes for selective
recognition of Hcy or Cys and could be expected to extend the
applications of transition complexes in various biological sensing.

Abbreviations

Hcy homocysteine
Cys cysteine

IL intraligand

LC ligand-centered

MLCT  metal-to-ligand charge transfer
bpy 2,2'-bipyridine

dmb 4,4'-dimethyl-2,2’-bipyridine

L1 4-methyl-2,2’-bipyridine-4’-carboxaldehyde
L2 4,4'-diformyl-2,2’-bipyridine

phen 1,10-phenanthroline

HOMO  highest occupied molecular orbital

LUMO  lowest unoccupied molecular orbital

FAB fast atom bombardment

El electron impact

ESI electrospray ionization
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